Sofosbuvir (SOF) in combination with ribavirin (RBV) for 12 or 24 weeks is the current standard of care for patients infected with hepatitis C virus (HCV) genotypes 2 and 3, respectively. However, in clinical trials treatment-experienced patients, particularly those with cirrhosis, had suboptimal sustained virological response (SVR) rates. We assessed the efficacy and safety of sofosbuvir plus peginterferon and ribavirin (SOF1Peg-IFN1RBV) administered for 12 weeks to treatment-experienced patients with HCV genotypes 2 and 3, with and without cirrhosis. We enrolled 47 patients in this open-label, nonrandomized, uncontrolled phase 2 study. The primary endpoint was the proportion of patients with SVR at 12 weeks after cessation of study treatment (SVR12). The overall rate of SVR12 was 89% (95% confidence interval [CI]: 77-97). Rates of SVR12 were higher in patients with genotype 2 than in those with genotype 3, 96% (95% CI: 78-100) and 83% (95% CI: 62-95), respectively. Rates of SVR12 were similar in patients with and without cirrhosis: for genotype 2, 93% of patients with cirrhosis and 100% of patients without cirrhosis achieved SVR12, and for genotype 3, the SVR12 rate was 83% in patients both with and without cirrhosis. One patient discontinued study treatment because of an adverse event and four patients experienced serious adverse events. The most common adverse events were influenza-like illness, fatigue, anemia, and neutropenia. Conclusion: In treatmentexperienced patients with HCV genotypes 2 and 3, 12-week administration of SOF1Peg-IFN1RBV provided high SVR rates, irrespective of cirrhosis status. No safety concerns were identified. (HEPATOLOGY 2015;61:769-775) 
A n estimated 180 million people worldwide are chronically infected with the hepatitis C virus (HCV). 1 Up to 20% of these patients will develop HCV-related complications, including cirrhosis, end-stage liver disease, and hepatocellular carcinoma. 2 Infection with HCV genotypes 2 and 3 accounts for 30% of all chronic HCV cases worldwide. 3, 4 Although HCV genotypes 2 and 3 have been grouped together in clinical studies and treatment guidelines, 1 there are important clinical differences between them. Patients with genotype 3 HCV have a higher incidence of hepatic steatosis and a more rapid progression of fibrosis, as well as a higher risk of development of hepatocellular carcinoma than patients with genotype 2 HCV. 5, 6 Moreover, patients with genotype 3 HCV infection have a lower rate of response to HCV treatment than those with genotype 2 HCV. 7 When this study was initiated there were no approved treatment options for patients with HCV genotypes 2 and 3 who did not achieve sustained virologic response (SVR) after a 24-week regimen of peginterferon-ribavirin (Peg-IFN1RBV) or for those patients in whom interferon therapy was contraindicated. 8, 9 Sofosbuvir (SOF), a first-in-class nucleotide analog HCV NS5B polymerase inhibitor, has recently been approved in the United States and Europe. The approved regimen for treatment-experienced patients with HCV genotype 2 or 3 was based on data from the FUSION 10 and VALENCE 11 studies. For patients with HCV genotype 2, SOF1RBV for 12 weeks is now approved. Rates of SVR for 12 weeks after completion of treatment (SVR12) ranged from 94-96% in patients without cirrhosis and from 60-82% in those with cirrhosis. Extending the treatment duration to 16 weeks, as was tested in the FUSION study, did not markedly improve SVR12 rates. For patients with HCV genotype 3, the approved regimen is 24 weeks of SOF1RBV, which was found to result in higher SVR12 rates than 12 or 16 weeks of treatment. SVR12 rates were 87% for treatment-experienced patients without cirrhosis and 62% for those with cirrhosis.
In previous studies, SOF1Peg-IFN1RBV was well tolerated and highly efficacious, with SVR rates of 92-100%, when administered for 12 weeks to treatmentna€ ıve, noncirrhosis patients with genotypes 2 and 3.
12,13
Based on these data, we hypothesized that 12 weeks of treatment with SOF1Peg-IFN1RBV might improve response rates in treatment-experienced patients with cirrhosis and HCV genotypes 2 and 3 without compromising safety. The purpose of our study was to assess the efficacy, safety, and tolerability of SOF1Peg-IFN1RBV in treatment-experienced patients with HCV genotype 2 and 3, with and without cirrhosis.
Materials and Methods
Study Population. We enrolled men and nonpregnant women 18 years of age with a body mass index 18 kg/m 2 . Patients with HCV genotype 2 or 3 infection and HCV RNA levels 10 4 IU/mL at screening were eligible. Patients were HCV treatmentexperienced, defined as patients who experienced virologic failure after receiving a previous course of interferon and RBV; all but one patient had previously received Peg-IFN1RBV. The enrollment of 50% of patients with compensated cirrhosis was permitted. The presence of cirrhosis was established by liver biopsy or by a FibroTest score of >0.75 and an aspartate aminotransferase (AST) : platelet ratio index of >2. To be eligible, patients were required to have platelet levels at baseline 90,000/lL, or 75,000/lL for patients with cirrhosis. Patients were excluded from the study if they had previously taken direct-acting antivirals targeting the HCV NS5B polymerase, had chronic liver disease of a non-HCV etiology, or were coinfected with the human immunodeficiency virus or hepatitis B viruses.
Written consent was obtained from all patients prior to screening. This study was approved by the Institutional Review Board and was conducted in compliance with the Declaration of Helsinki and Good Clinical Practice guidelines.
Study Design.
This was an open-label, nonrandomized, uncontrolled phase 2 study conducted at a single site in San Antonio, Texas, from February to December 2013. All patients received sofosbuvir (SOF; Gilead Sciences, Foster City, CA) in combination with peg-IFN-alpha (Pegasys, Roche Laboratories, Nutley, NJ) and RBV (Ribasphere, Kadmon, New York, NY) for 12 weeks. Sofosbuvir 400 mg was administered orally once-daily in the morning, peginterferon 180 lg was administered as a weekly subcutaneous injection, and ribavirin was administered orally twice-daily in the morning and evening with food (doses were determined according to body weight: 1,000 mg daily in patients with a body weight of <75 kg and 1,200 mg daily in patients with a body weight of 75 kg). The sponsor collected the data, monitored study conduct, and performed the statistical analyses. An internal data monitoring committee reviewed the progress of the study.
Study Assessments: Efficacy Analysis. Plasma samples for HCV viral sequencing were collected at baseline and at every visit thereafter. Due to changes in the central laboratory, two assays were used to quantify HCV RNA, the COBAS TaqMan HCV Test, V2.0 for use with the High Pure System (Roche Molecular Systems, West Sussex, UK) with a lower limit of quantification (LLOQ) of 25 IU/mL and the COBAS AmpliPrep/COBAS TaqMan HCV Test v. 2.0 with an LLOQ of 15 IU/mL. All posttreatment results used the latter assay.
The IL28B genotype was determined by amplification and sequencing of the rs12979860 singlenucleotide polymorphism.
Viral relapse was defined as HCV RNA >LLOQ at posttreatment weeks 4, 12, and 24, in patients who had HCV RNA <LLOQ at the end of treatment. Viral breakthrough was defined as a patient having HCV RNA LLOQ during treatment after having previously had HCV RNA <LLOQ while on treatment. If relapse or breakthrough was observed during the study, deep sequencing on the HCV NS5B region was performed.
For all subjects with virologic failure, amplification and deep sequencing for the HCV NS5B region was performed at baseline and at the first virologic failure timepoint if HCV RNA levels were 1,000 IU/mL. The resulting sequences were compared to detect resistance-associated variants that emerged during treatment. We report variants that were present in more than 1% of the sequence reads.
Safety Analysis. Safety assessments included monitoring of patients for adverse events, review of concomitant medications, clinical laboratory analyses, vital signs, and physical examinations. Follow-up visits took place 4, 12, and 24 weeks after patients received their last dose of study treatment.
Statistical Analysis. The primary endpoint was to determine the proportion of patients with SVR12. No sample size calculations or formal hypothesis-testing were performed. Point estimates and two-sided 95% exact confidence intervals (CIs; based on the ClopperPearson method) were provided for SVR12 rates for subgroups. Exploratory multivariate logistic-regression analyses characterizing the relationship between SVR12 and various prespecified demographic and baseline clinical characteristics were performed for each genotype. Data are presented for patients who received at least one dose of study treatment.
Results

Study Population Disposition and Demographics.
A total of 56 patients with chronic HCV were screened for the study; 47 were enrolled and 44 patients completed study treatment. Three patients discontinued the study treatment, one patient was lost to follow-up, one patient was not adherent to the protocol, and one patient withdrew due to an adverse event. Forty-five patients attended the week 4 and 12 posttreatment visits, and 43 returned for the week 24 posttreatment visit (Fig. 1) . Twenty-three (49%) patients had HCV genotype 2 and 24 (51%) patients had HCV genotype 3 ( Table 1 ). Most patients were white (96%), male (68%), and had cirrhosis (55%). Of the 26 patients with cirrhosis, 25 had the presence of cirrhosis confirmed by biopsy. There were 36% patients with the CC IL28B genotype. At baseline, mean HCV RNA levels were 6.2 log 10 IU/mL and mean alanine transaminase (ALT) was 109 U/L across genotypes 2 and 3. Overall, 85% of patients had experienced a relapse/ breakthrough after previous treatment with an interferon-based regimen and 15% were nonresponders.
On-treatment and SVR. Treatment with SOF1Peg-IFN1RBV resulted in rapid suppression of HCV RNA. By week 4, 96% of patients had HCV RNA <LLOQ, 100% of patients with genotype 2 HCV and 91% with genotype 3 HCV. By week 8, all 45 patients receiving treatment had HCV RNA <LLOQ (Table 2) .
Overall, the proportion of patients with SVR12 was 89% (95% CI: 77-97). The rates of SVR12 were higher in patients with genotype 2 than in those with genotype 3, 96% (95% CI: 78-100) and 83% (95% CI: 63-95), respectively (Table 3) . Five patients did not achieve SVR12: one with genotype 2 HCV (4% of the subgroup) and four with genotype 3 HCV (17% of the subgroup). The patient with genotype 2 HCV who did not achieve SVR12 discontinued treatment after 15 days without achieving HCV RNA <LLOQ. Among the four patients with genotype 3 who did not achieve SVR12, two had observed virologic relapse after treatment (9%) and two were lost to follow-up. Both patients who relapsed were white males with genotype 3a HCV and both had CT alleles A subgroup analysis was performed to evaluate the effects of age and the presence or absence of cirrhosis on SVR12. Due to the small sizes of the subgroups and the high overall response rate, no difference in response by subgroup, including the presence of cirrhosis, could be detected.
Viral Resistance Testing. The NS5B region was deep-sequenced at baseline and at the time of virologic failure in samples collected from the two patients with genotype 3 HCV infection who experienced viral relapse. Low levels of F289L (1.11%), a variant associated with resistance to nucleotide inhibitors, was detected at baseline in one patient, but was not detected at the time of virologic failure. L159F, an SOF treatment-emergent variant, was detected in the same subject at posttreatment week 4 (>99%). The S282T substitution was not detected and no changes in susceptibilities to SOF or RBV were detected in any patient.
Safety. Overall, 45 patients (96%) reported at least one adverse event and 91% of patients experienced at least one adverse event that was considered by the physician to be related to study treatment. No deaths occurred. Three patients discontinued RBV due to ribavirin-related anemia and one patient discontinued all therapy due to pain. Four patients (9%) had five serious adverse events: of cholecystitis, sepsis, SVR, sustained virologic response; Other, subjects who did not achieve SVR12 and did not meet virologic failure criteria.
anemia, decompensated cirrhosis, and hemorrhaging from esophageal varices. Three of the serious adverse events were considered by the physician to be related to either Peg-IFN or RBV (sepsis, anemia, decompensated cirrhosis) and none was considered to be related to SOF. The most frequently reported adverse events (in 20% of patients) were influenza-like illness, fatigue, anemia, and neutropenia (Table 4) ; most adverse events were rated by the physician as mild or moderate in severity.
The most common hematologic abnormalities observed were decreased concentrations of hemoglobin and decreased counts of neutrophils and platelets. Declines in hemoglobin concentrations to below 10 g/ dL were observed in 13 patients, with four patients reporting a decline in hemoglobin to below 8.5 g/dL. Neutrophil counts decreased rapidly during the first week of treatment, with absolute neutrophil counts below 750/mm 3 in 13 patients, of whom three were below 500/mm 3 . Posttherapy neutrophil counts returned to baseline values. These results are consistent with the known effects of Peg-IFN1RBV treatment.
14 Grade 3 elevations in bilirubin were seen in four patients, of whom three had cirrhosis. The changes in total bilirubin levels were consistent with ribavirininduced hemolysis. No notable findings related to vital signs (systolic and diastolic blood pressure and pulse) were observed during the study and no patient had a clinically significant ECG abnormality.
Discussion
This phase 2 study was the first to evaluate the efficacy, safety, and tolerability of 12-week administration of SOF1Peg-IFN1RBV in treatment-experienced patients with genotype 2 and 3 HCV infection, with and without cirrhosis. This study showed high SVR rates in patients who have historically exhibited suboptimal response rates to HCV treatment and for whom there are few treatment options available.
The 96% SVR12 rate in treatment-experienced patients with HCV genotype 2 after 12 weeks of treatment with SOF1Peg-IFN1RBV is similar to rates previously reported in treatment-experienced noncirrhosis patients who received an IFN-free regimen consisting of SOF1RBV for the same duration (SVR of 94-96%). 10, 11 Importantly, there were no genotype 2 patients who experienced virologic failure, including the two genotype 2 patients with prior virologic nonresponse to Peg-IFN1RBV therapy. The only patient who did not achieve SVR was one who discontinued Although a lower SVR12 rate (83%) was seen in genotype 3 patients as compared to genotype 2 patients, this numeric difference was attributable to a higher rate of patients with nonvirologic treatment failure (e.g., early treatment discontinuation, loss to follow-up). Virologic relapse occurred in only two (8%) patients, one with cirrhosis and one without cirrhosis. Given the small sample size and low number of relapsers, no clear baseline predictors of treatment failure were evident. It is not possible to assess the impact of prior response to therapy on treatment outcome; one patient who relapsed after SOF1Peg-IFN1RBV was a prior nonresponder to Peg-IFN1RBV and the other was a prior relapser. Whether comparing rates of SVR or relapse, this regimen demonstrated better efficacy in treatment-experienced genotype 3 patients with cirrhosis than SOF1RBV therapy for up to 24 weeks, which had a 62% SVR12 rate in a phase 3 trial. 11 In the same trial, treatment-experienced patients without cirrhosis demonstrated an 87% SVR rate following 24 weeks of SOF1RBV, which is similar to the SVR rate of 83% observed in this trial in this subgroup. Thus, 12 weeks of SOF1Peg-IFN1RBV is an important treatment option for treatment-experienced genotype 3 patients who can take IFN, particularly for those with cirrhosis. However, the benefit of SOF1Peg-IFN1RBV must be weighed against the toxicities associated with interferon-based treatment, which are exacerbated in patients with cirrhosis.
This study confirms previous reports regarding the high barrier to resistance observed with sofosbuvircontaining regimens. Rapid virologic suppression occurred, with all but two genotype 3 HCV-infected patients achieving HCV RNA <LLOQ by week 4, and there were no virologic breakthroughs during treatment. Overall, virologic relapse was observed in two patients, both infected with genotype 3 HCV. Resistance analysis was performed for the two patients with genotype 3 HCV who experienced viral relapse. No S282T, the signature resistance mutation for sofosbuvir, was detected at the time of relapse using deep sequencing with a level of detection of 1%. The L159F treatment-emergent variant 15 was detected in one patient at virologic relapse at posttreatment week 4. This substitution has been previously described at the time of virologic failure in sofosbuvir-treated patients but does not confer an in vitro shift in susceptibility to sofosbuvir. The clinical significance of this substitution and its persistence over time are unknown.
Treatment for 12 weeks with SOF1Peg-IFN1RBV was generally well tolerated in this treatmentexperienced population, in which 55% of patients had compensated cirrhosis. Consistent with data from an earlier phase 3 trial of SOF1Peg-IFN1RBV in genotype 1 HCV-infected patients, one patient (2%) discontinued all treatment due to adverse events. 7 This patient stopped treatment on day 2 of treatment due to generalized body pain. The low discontinuation rates suggest that the shortened 12-week course of interferon produces fewer early discontinuations compared to historic regimens of 24-week duration. 1, [16] [17] [18] Expected RBV-associated hematologic effects were successfully managed through RBV dose reductions or interruptions. In addition, the most frequently reported adverse events were influenza-like illness, fatigue, and anemia. These events are consistent with the historical safety profile of Peg-IFN1RBV; no additional safety signal was associated with the addition of SOF. These data further underscore that the 12-week duration of treatment, even in patients with compensated cirrhosis, facilitates treatment completion despite the expected untoward effects of both Peg-IFN and RBV.
In conclusion, in treatment-experienced patients with HCV genotypes 2 and 3, including those with compensated cirrhosis, 12-week administration of SOF1Peg-IFN1RBV provided high SVR rates. In addition, SOF1Peg-IFN1RBV was generally well tolerated, with low discontinuation rates and a profile of adverse events consistent with Peg-IFN1RBV. As discussed in guidance documents issued by the American Association for the Study of Liver Diseases (AASLD) 19 and the European Association for the Study of the Liver, 20 this regimen represents an important option for treatment-experienced patients who are able to tolerate 12 weeks of peg-IFN therapy, particularly those with compensated cirrhosis.
